The Ashanti Dwarf Pig (ADP) of Ghana is an endangered pig breed with hardy and disease 19 resistant traits. Characterisation of animal genetic resources provides relevant data for their 20 conservation and sustainable use for food security and economic development. We 21 investigated the origin and phylogenetic status of the local ADP of Ghana and their crosses 22 with modern commercial breeds based on mtDNA, MC1R and Y-chromosome sequence 23 polymorphisms, as well as genome-wide SNP genotyping.
Introduction 8

Mitochondrial genetic distances between ADPs and other pig breeds 139
The clustering of haplotypes into European and Asian clades was confirmed using base 140 substitution data, with smaller genetic distances observed between the two major European 141 haplotypes identified in this study compared to the genetic distances between the major 142 Asian and European haplotypes (Table 1) . Globally, the mitochondrial sequences from the 143 ADP of Ghana were closer to European than Asian sequences, as shown in Table 2 SRY sequences were obtained from 33 males: 21 from animals selected from the 160 designated ADP populations and 12 from local crossbred animals. All but two animals had 161 the SRY haplotype found to predominate in European animals as described in Cliffe et al. 162 (2010) . Two animals, one from the ADP population, and one from the crossbred population, 163 both of the Ashanti region (AR), had haplotypes previously observed in Tamworth and some 164 Asian breeds (Cliffe et al., 2010) . No novel SRY sequences were detected.
166
Thirty three males (22 ADP, 2 exotic and 9 local crossbred) were identified from the genome 167 wide genotyping panel. One individual had previously been classified as female (animal 168 163), but appears to be karyotypically male based on both chromosome X and chromosome 169 Y SNP data. One individual originally assigned as male in the records appeared to be 170 female, based on the SNP data (animal 149). All other animals were genotyped in 171 agreement with the recorded genders. Of the genotyped panel, 22 DNA samples from males 172 were in common with those selected for SRY sequencing. The extended Y chromosome 173 haplotypes were in agreement with the previously identified SRY haplotypes for all of these 174 animals (Supplementary_Table_S3.xlsx).
176
Coat Colour in Ghanaian local pigs 177
The ADP of Ghana, although predominantly black, displays other coat colours and patterns.
178
These can be observed even in the offspring of selected "purebred" black-coated ADPs, 179 suggesting the interplay of multiple coat colour genes in the phenotypic outcome 180 (Supplementary_Figure_S3.pdf). Analysis of the collected data shows that the local animals 10 include spotted, white or belted animals, as well as those with black coats 182 (Supplementary_Figure_S4.pdf).
184
Since black coat colour is largely determined in mammals by the dominant alleles of the 185 MC1R gene, the nature and origins of these alleles in Ghana were investigated through DNA 186 sequence analysis.
187
188
MC1R gene distribution in Ghanaian local pigs 189
In total, 86 Ghanaian pigs were fully or partially sequenced for the MC1R gene and promoter 
206
As with the mitochondrial data, the occurrence of Asian alleles was higher in animals from 207 the Guinea Savannah zone than those from the other regions. Further discussion of the 208 distribution of alleles is given in Supplementary Information.
209
Genotyping Analysis 210
Genotyping data were used to perform comparisons using PCA analyses, genome wide 211 levels of homozygosity, and an F ST comparison of the ADPs against other world pig breeds.
213
The PCA analysis of local Ghanaian animals is shown in Supplementary_ Figure_6A.pdf.
214
ADPs form two main groups, based on geographical location: those from the Guinea 215 Savannah zone are the most tightly grouped, followed by those from the Coastal zone 216 (particularly GAR), with the Forest zone animals being more diffusely scatted across the 217 plot. In general, the crossbred pigs tended to be closer to the exotic (European breed) 218 animals, as might be predicted based on known introduction of European breed genetics.
219
When data from other world pig breeds are included, the Ghanaian pigs cluster more closely 
228
The second subgroup came from the Coastal zone (Supplementary_ Figure_6A.pdf set 2).
229
The two major subgroups of ADPs (Guinea Savannah and Coastal) comprise 17 animals 230 each.
231
Genome averaged Fst values are consistent with the mitochondrial data: the ADPs are 232 genetically more similar to European Commercial breeds than to either Duroc or Chinese 233 breeds (Table 3) 234 235 
281
Mitochondrial sequences 282
Analysis of SNP polymorphisms in the D-loop sequence of mtDNA is widely used to study 283 genetic and phylogenetic relationships within population of farm animals (Molnàr et al., 284 2012). MtDNA has been used to describe variation in putative wild ancestor and modern 285 domestic livestock populations including pigs (Ursing and Arnason, 1998; Bruford et al., 286 2003; McCann et al., 2014) . In other studies, significant differentiation between European 287 and Chinese domestic pigs has also been revealed by mtDNA analyses (Giuffra et al., 2000;  288 Okumura et al., 2001 , Watanobe et al., 2001 , Kim et al., 2002 . Therefore, in order to get an 
307
Coat colour 308
Coat colours of domestic animals mainly represent human needs or cultural preferences and 309 result from strong artificial selection and domestication bottlenecks (Innan and Kim, 2004) . A 310 series of alleles of the MC1R gene have been identified in pigs. Kijas et al., (1998 Kijas et al., ( , 2001 311 reported that six major allelic variants corresponded to five different patterns of expression.
312
The wild-type (E + ) allele, found in wild boars, corresponds to haplotypes 0101 (MC1R*1) and 
339
Genome-wide analysis 340
The Illumina Porcine SNP60k BeadChip (Ramos et al., 2009) has been used to identify SNP 341 associated with, for example, reproduction traits in the Finnish Landrace pig breed to provide 342 valuable candidates for possible marker-assisted selection (Uimari et al., 2011) ; detail a 343 genome wide overview of "indigenous" local pig populations (Burgos-Paz et al., 2012) and determine population structure, linkage disequilibrium (LD) pattern and selection signature in 345 Chinese and Western pigs (Ai et al., 2013) . In this study, we have used the same chip to 
ADPs 360
The F ST analysis reveals regions of the genome that have greater or lesser genetic similarity 361 between populations. The regions we identified distinguishing ADPs from European 362 commercial breeds contain intervals with genes known to relate to body size and shape, 363 previously reported as genomic intervals undergoing selection in pigs and other mammals 364 (Rubin et al, 2012; Takasuga, 2016) . These may help explain the short stature of the ADPs 365 compared to other breeds, and will be useful targets for more detailed study.
367
We propose that pigs from the southern part of Ghana should be more admixed due to 
485
The SNP genotype calls were exported and loaded in PLINK (Purcell et al., 2007) 
493
The present raw dataset was also merged with data from a previous study using pig breeds 494 selected from the Americas, Europe and Asia (Burgos-Paz et al., 2013) . For this study, 
